Summary Chronic alcohol consumption leads to malnutrition and to the deficiency of many vitamins. One of the most important is folate deficiency. Folate deficiency disrupts the process of hematopoiesis, which can be evaluated by the changes of red cell indices. The aim of this study was to determine the hematological disturbances by the measurement of red blood cell indices in a Polish population of chronic alcoholics according to folate status. We studied 80 consecutive chronic alcoholic men and 30 healthy controls. Patients were divided into 2 groups according to the folate concentration. The serum folate and vitamin B12 concentration and the blood count were determined. We have shown that the serum folate concentration was decreased in 40% of alcoholics, but there was no folate deficiency and the level of vitamin B12 was normal. There was no correlation between folate, vitamin B12 and hematological indices. We have observed that most hematological parameters (Hb, RBCs, and Hct) in alcoholics were decreased and only two of them (MCV and MCHC) were increased in comparison with the controls. We observed no significant correlation between the RBCs indices and the weekly alcohol intake, but the correlation between RBCs, Hb, Hct and the duration of dependence have been shown. We concluded that, there is no folate deficiency in the Polish alcoholic population but the abusers with low folate levels may already have some RBCs indices affected. It means that the Polish alcoholic population consumes a sufficient amount of vitamins, which prevents the occurrence of hematological disturbances.
Chronic alcohol consumption leads to malnutrition and to the deficiency of many vitamins (1) (2) (3) . One of the most important is folate deficiency, which is recognized by a serum concentrations less than 3.5 nmol/L (4, 5) . It is mainly caused by dietary inadequacy, intestinal malabsorption, decreased hepatic uptake and increased body excretion (6) . Folate deficiency disrupts the process of hematopoiesis, which can be evaluated by the changes of red cell indices (7, 8) . The most common of laboratory hematological abnormalities in alcoholics are a raised mean corpuscular volume of the erythrocytes (MCV) and thrombocytopenia (8) . Other altered hematological parameters are hemoglobin (Hb), hematocrit (Hct), red and white blood cells count (RBCs and WBCs), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC).
Deficiency of folate leads to anemia, macrocytic or megaloblastic, which is a common phenomenon in alcoholics, but its frequency varies markedly, depending on the selection of patient groups (9) (10) (11) (12) . Macrocytosis was observed in 80% of men and 46% of women abusing alcohol (13) , but only 35% of alcoholics with macrocytic anemia had folate deficiency (13) . Megaloblastic anemia occurs in about half of alcohol abusers, usually with chronic liver diseases, and is caused not only by a deficiency of folate but also vitamin B12. The presence of megaloblastic anemia is suggested when MCV is over 110 fL.
The aim of this study was to determine the hematological disturbances by the measurement of red blood cell indices in a Polish population of chronic alcoholics according to folate status. A novelty of this work is to investigate the association between the various concentrations of folic acid and red cell indices. It is important to answer the question whether the reduction of folic acid level leads to serious hematological abnormalities and the frequency of their occurrence.
MATERIALS AND METHODS

Patients.
The tested group consisted of 80 consecutive chronic alcoholic men aged 23-77 y (mean: 43 y), who had an established diagnosis of alcohol dependence according to the International Classification of Diseases (ICD-10) criteria (category F-10). Patients were initially interviewed regarding the history of alcohol abuse. The self-reported mean alcohol consumption was 1,442 g/ wk (range: 336-4,935) and mean duration of dependence was 18.5 y (range: 2-44). Weekly alcohol intake is the amount of alcohol consumed in 1 wk and 1,442 g means 183 standard drinks. In Poland, one standard drink is 7.9 g of pure ethanol51 shot of spirit (25 mL 40%) or 1 glass of wine (100 mL 10%) or 1 pint of beer (200 mL 5%). The control group with no history of alcohol abuse comprised 30 healthy men aged 24-65 y (mean: 40 y). The average quantity of alcohol drunk occasionally did not exceed 20 g per week. The diet of alcoholics and healthy subjects was not supplemented with folic acid or vitamin B12-containing pharmaceuticals. Patients were divided into 2 groups according to the folate concentration as follows: normal level (10.92-43.03 nmol/L; n548) and low level (,10.92 nmol/L; n532). All subjects gave their consent to participate in the studies. The study was approved by the Bioethical Committee working at the Medical University of Bialystok (Approval No. R-I-002/46/2008), which is in accordance with the Declaration of Helsinki.
Specimen collection. Blood samples were taken from all individuals by vein puncture within 12 h after admission. The blood was allowed to clot and the sera were separated from cells by tube centrifugation at 1,000 3g for 5 min at room temperature and then the sera were stored at 280˚C until analysis. The sera for folate determination were stored in a refrigerator not longer than 1 mo. The second portion of each blood sample was collected into the tubes with anticoagulant (ethylenediamine tetraacetic acid) for hematological assays and measurements were performed within 2 h. Statistical analysis. The distributions of all variables were tested using the Shapiro-Wilk test. Because not all variables were normally distributed (p,0.05), the results are presented as median and ranges, and nonparametric statistics were performed using the Mann Whitney U-test and Spearman rank correlation coefficient. p values lower than 0.05 were considered statistically significant. Number of controls the largest number of results was in the ranges from 200 to 250 and from 300 to 350 pmol/L (15/80 results, which is 18.7% of all results for each range). In turn, in the control group the largest number of results was in the range of 150-200 pmol/L (6/30 is 20%). The histogram of B12 concentration in alcoholics is shifted to the right in comparison to the controls. It was shown that only a few results were below normal (139 pmol/L) in the tested and control group (1.3% and 6.7%, respectively) and 3.7% in alcoholics and none of result in the controls was above the upper limit of the normal range (652 pmol/L). The mean serum concentration of folate was significantly lower (by about 28%) and vitamin B12 was significantly higher (by about 40%) in alcoholics than that in the controls, but both vitamins remained within the normal range (Table 1) . Folate and vitamin B12 did not correlate with the weekly alcohol intake, the duration of dependence, the age of patients (Table  3) and any hematological indices (RBCs, Hb, Hct, MCV or MCHC) ( Table 2) . (Fig. 3) . Thus, the Hb histogram in alcoholics is shifted to the left in comparison to the controls. In alcoholics, 25% of the results and 6.7% in the control group were below the reference range (140 g/L). (Fig. 4) /L (a value for the diagnosis of anemia for men) in alcoholics and there were no such results in controls. In alcoholics, most of hematocrit (Hct) results were in the range of 42-44% (22/80 is 27.5%) (Fig. 5) . In turn, in the control group the largest number of Hct values is in the range of 44-46% (41.4%). Thus, the histogram in alcoholics is slightly shifted to the left compared with controls. There were 23/80 results (28.7%) below 40% (the lower limit of the normal range) in alcoholics and no such results in controls. There are two humps in the mean corpuscular volume (MCV) histogram in alcoholics (Fig. 6) . The largest number of results was in the first hump, in the range of 88-92 fL (23/80 results is 28.7%) and slightly fewer in the second hump, in the range of 96-100 fL (19/80 is 23.7%). The largest number of results for MCV in the control group was in the range of 88-90 fL (9 of 30 is 31%). It means that there was a marked shift in the distribution of MCV values in the tested group to higher results compared with controls. In the alcohol abusers, there were no results below the lower limit (80 fL) and 46.2% (37/80) results were above the upper limit (94 fL) of the normal range. Eleven patients (13.7%) had an MCV value above 100 fL, which suggests the presence of megalocytes. Only 1 patient (1.3%) was most likely to have megaloblastic anemia, because the MCV value was over 110 fL. The most largest number of corpuscular hemoglobin concentration (MCHC) results in alcoholics was situated in the range of 35.0-35.5 mmol/L (27/80 is 33.7%) (Fig. 7) . In controls, the largest number of results was in the range of 34.5-35.0 mmol/L. Thus, in alcoholics the histogram is slightly shifted to the right in comparison with controls. In alcoholics, there were no results below the lower limit (31 mmol/L) but 1 patient (1.3%) had MCHC values above the upper limit of the reference range (37 mmol/L). The mean levels of Hb, Hct, and number of RBCs in alcoholics were significantly lower (by about 4.5%, 7% and 12%, respectively) and MCV and MCHC values were significantly higher (by about 6% and 2%, respectively) compared with the controls (Table 1 ). There were no significant differences in Hb, Hct or MCHC between alcoholics with low and normal folate concentration ( Table 1 ). The number of RBCs was significantly lower and MCV value was significantly higher in the group of alcoholics with low folate level than those with normal folate concentration (by about 5% and 3%, respectively) ( Table 1) . None of RBC indice correlated with the weekly alcohol intake. The number of RBCs, Hb and Hct level negatively correlated with the age of patients and the duration of dependence (Table 3) .
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It has long been known that excessive alcohol consumption leads to nutritional deficiencies including many vitamins and trace elements (1-3, 8) . However, knowledge on this topic is still not verified due to the different dietary and drinking habits in different populations and geographic areas. Eating habits in Poland since the beginning of the last decade of the twentieth cen- Number of controls tury underwent favorable changes (14) . These changes included an almost 2-fold higher intake of fruits and their products, increased consumption of vegetables, an increase in vegetable fat, increased consumption of poultry and a slight increase in fish consumption. The average dietary folate intake among Polish adults (18-96 y old) was in the range of 110-352 mg/person/d and that was 34-110% of the daily intake established for the decade 2000-2010 (14) . Detailed studies on the dietary folate intake in our subjects were not conducted; therefore, we estimated it based on a specific formula. According to this estimation we have shown that the dietary folate intake in the control group was in the range of 170-750 mg/person/d (median: 310). Polish nutritional standards set 280-340 mg/person/d as a recommended intake (15). As we can see, the Polish diet has inadequate folate content. A dietary supplementation with this vitamin is recommended. In some countries there exist governmental regulations to add folate to flour which is used for making bread. In Poland there is no such law, and the enrichment of foods with folate depends only on the manufacturer. In turn, it is estimated that the amount of vitamin B12 in the Polish diet is sufficient. It is assumed that dietary supplementation is used by 22% of Poles. Dietary supplements, often containing vitamins, are available in pharmacies without prescription. In our study, a diet of alcoholics and healthy subjects was not supplemented with folate or vitamin B12-containing pharmaceuticals. Deficiencies in these vitamins are found in people who consume excessive amounts of alcohol. For example, the Polish population consumes more pure and high-percentage alcoholic beverages, so the effect may be stronger. In our study the serum folate concentration was decreased in 40% of alcoholics, but in 60% of alcoholics the folate level was normal. The dietary folate intake in the alcoholics estimated on a special formula was between 80 and 620 mg/person/d (median: 220) (16) . It is assumed that the minimum daily intake of folate is 100 mg/person. We did not have any patient with a folate deficiency.
On the other hand, the serum vitamin B12 concentration was within the normal range (except for a few results), although the histogram was shifted to the right compared with the controls. It is known that folates and vitamin B12 are required for the synthesis of purines and pyrimidines, and for methylation of essential biological substances, including phospholipids, DNA, and transmitters, and thus cell integrity (17) . It is important to answer the question whether the low folate level in our patients with chronic alcoholism leads to macrocytosis and anemia. Generally, it is known that the causes of macrocytosis fall into two groups: deficiency of vitamin B12 or folate, in which the bone marrow is megaloblastic, and other causes when the bone marrow is usually normoblastic (18) . Both vitamin B12 and folate deficiency can be caused by chronic alcohol consumption. As seen in our study, the vitamin more sensitive to chronic alcohol consumption is folate. The effects of alcohol on the hematopoietic system are direct and indirect. Direct toxic effects of alcohol include interference with maturation of all bone marrow cellular elements (red and white blood cells and platelets) and indirect include folic acid deficiency. Folic acid is a vitamin that is frequently deficient in alcoholics (19) . We have to remember, that body stores are sufficient for only about 4 mo. In turn, nutritional deficiency of vitamin B12 is rare, because the liver can store it for several years. In the case of vitamin B12 deficiency, folic acid, particularly in large doses, can mask its depletion by complete correction of hematological abnormalities. Interestingly, our study has shown that alcoholics with low folate level also have reduced vitamin B12. It was shown that low folate status occurs in more than 50% of alcoholics (20) . Alcohol abuse also contributes to macrocytic anemia since alcohol interferes with folate metabolism in the liver, resulting in a profound depletion of folate stores. Therefore, the alcohol abuse may cause a rise of mean corpuscular volume above 100 fL, typically without anemia. It is known that MCV is a commonly used marker of alcohol abuse. In our study, less than half of the chronic alcoholics (about 46%) had elevated MCV above normal level, but the prevalence of macrocytosis in these patients with MCV above 100 fL was about 14%. Among alcoholics with raised MCV values, about Number of controls 53% of them had decreased folate levels. It seems to be logical. Only about 1% of abusers were most likely to have megaloblastic anemia (MCV.110 fL). Generally, our findings indicate that decreased level of serum folate (not folate deficiency) is not related with megaloblastic anemia. Of course, decreased folate concentration in serum and high alcohol intake can lead to increased risk for megaloblastic anemia, as evidenced by an individual case in our study. We have shown that most hematological parameters (Hb, RBCs, and Hct) in the group of alcoholics were lower in comparison with the control group and their distribution was shifted to the left. Only two RBC indices (MCV and MCHC) were increased compared to the controls and their distributions were shifted to the right. It means that alcohol affects the hematopoietic system. Chronic alcohol consumption leads to reduction of hemoglobin levels in approximately 25% of alcoholics, and in about 9% of them can lead to anemia. We have observed that among 9% of alcoholics, 1% had megaloblastic anemia. We suppose that the remaining 8% of patients may have macrocytic or other types of anemia. For example, sideroblastic anemia is a common complication in severe alcoholics and approximately one-third of these patients have ringed sideroblasts in their bone marrow (21) . Generally, sideroblastic anemia occurs in 29 to 31% of alcoholics (22) . Alcohol may cause this type of anemia by direct interference with heme synthesis. Abstinence can reverse this effect and changed sideroblasts can disappear from bone marrow within 5 to 10 d, and RBC production resume (21) . Other nutritional anemias in alcoholics are iron deficiency anemia (often occurring) and acute spherocytic hemolytic anemia (less common) (23) . The excessive alcohol consumption reduces the number of RBCs, because of direct toxic effects of alcohol including interference with maturation of them in the bone marrow (21) . In our study, we also observed a decrease in the number of red blood cells in up to 64% of alcoholics. Almost every other alcoholic had the number of red blood cells which usually occurs in anemia. The decrease in the number of red blood cells may also occur in different types of anemia (for example, megaloblastic anemia because of folate or vitamin B6, and B12 deficiency with high MCV). In our study, it is associated with folic acid, because alcoholics with its low levels also had a decreased number of RBCs. About 29% of abusers had reduced hematocrit. A diminished hematocrit and low hemoglobin level (as we have shown) usually indicate decreased production, excessive loss, or destruction of red blood cells.
Chronic alcohol consumption alters the RBC indices in order of frequency: RBCs (in 63.7% of alcoholics), MCV (in 46.2%), Hct (28.7%) and Hb (in 25%) and in order of magnitude of these changes: RBCs (12.1%), Hct (6.9%), MCV (6.3%), Hb (4.5%) and MCHC (1.7%). Despite the fact that alcohol affects the hematopoietic system, we observed no significant correlation between the RBC indices and the weekly alcohol intake, but with an increasing duration of dependence, some RBC indices deteriorate. It is also interesting that low serum folate level (not deficiency) affects the values of some RBC indices and in 8% of alcoholics macrocytic anemia appeared, and in 1%, megaloblastic anemia.
In conclusion, we can state there is no folate deficiency in the Polish population of chronic alcoholics, because 40% of results were only below the normal range, but not below a border value for the diagnosis of folate deficiency. According to the folate status, we can speculate that alcoholics with low folate level may have some changed RBC indices. Chronic alcohol consumption significantly contributes to the deterioration of hematological parameters. The Polish alcoholic population consumes a sufficient amount of vitamins, which prevents the occurrence of hematological diseases, including anemia.
